The linguistic and cognitive skills of 59 severe-to-profound and profoundly deaf children between the ages of 7 and 15 were examined. Students were administered a test of syntactic comprehension and four Piagetian operational tasks in the areas of conservation, classification, seriation, and numeration. Operational deaf children performed better than non-operational deaf children on the test of syntactic comprehension. Students whose parents consistently signed to them showed greater syntactic comprehension than did students whose parents signed less consistently. Children with more consistent sign language exposure at home also tended to have more advanced operational skills, though not to a statistically significant degree.
Operation is a central concept in the theory of Jean Piaget. To know an object involves not merely looking at it and making a mental image of it; instead, the object is acted upon and transformed through mental operations (Piaget, 1964 ). Piaget's theory is a stage theory, which holds that all children pass through a series of qualitatively different levels of organization. In the concrete operational stage, roughly from ages 7 to 11 for hearing children, thought is being extended from the actual to the potential (Inhelder & Piaget, 1958) . Because concrete operational children are still bound to the present, they must consider the various physical properties of objects and events (mass, weight, length, area, time) one by one. Piaget (1967) posited the existence of a symbolic function which encompasses both language and other symbol systems, such as mental imagery, symbolic play, and drawing. Because language is only one form of symbolic function, Piaget concluded that thought precedes language and that, once acquired, language is not sufficient to insure the transmission and development of operatory structures (1973) . However, Piaget's view that a cognitive framework underlies any advancement in language skills has been disputed by other researchers (Bruner, 1964; Vygotsky, 1962) . The question of whether thought precedes language or vice versa is difficult to prove, and some researchers have looked to the deaf child to provide an answer. While Dr. Dolman is an Assistant Professor in the Special Services Division at William Rainey Harper College in Palatine, Illinois. studies proposing to use the deaf child as a test case for resolving this issue have been rightly criticized (Blank, 1965; Moores, 1978) , it is nonetheless instructive to determine as precisely as possible what relationships exist between thinking and language in the deaf child.
The present research was built upon a study by Tremaine (1975) , who found that a relationship exists between the attainment of concrete operations and syntactic comprehension in a group of bilingual, hearing, primary age children. Although studies have investigated the syntactic abilities of the deaf child (Russell, Quigley, & Power, 1976) ; manually coded English versus American Sign Language, the oral approach, and no special method for promoting English skills (Brasel & Quigley, 1975) ; and the relationship between conservation and metaphor comprehension in deaf children (Rittenhouse, Morreau, & Iran-Nejad, 1981) , no research has been found which explores the relationship between the attainment of concrete operations and syntactic ability in deaf children and attempts to relate these findings to sign language background. The present study was such an attempt.
METHOD

Hypotheses
The following null hypotheses were tested: 1. There are no significant differences on a test of English syntactic comprehension between deaf children classified as operational and deaf children classified as non-operational.
2. There are no significant differences on a test of English syntactic comprehension among deaf children classified as having a strong American Sign Language (ASL) background, children having a strong manually coded English (MCE) background, and children having no consistent language (NCL) background.
3. There are no significant differences in operational ability among deaf children classified as having a strong ASL background, children having a strong MCE background, and children having no consistent language (NCL) background.
Subject Selection
Twelve students from the Special Education District of Lake County, Illinois (SEDOL) and 47 students from the Wisconsin School for the Deaf (WSD) participated in this study. The 59 subjects included 37 males and 22 females. All participants were Caucasian.
Each of the subjects met the following requirements:
1. Grades 2-9 (chronological age range of 7 years, 8 months to 15 years, 11 months; average age of 12.22, with a standard deviation of 2.38 years). parents of these children, yielded an 86% affirmative response rate at SEDOL and an 89% affirmative response rate at WSD. Teachers were given a sociolinguistic questionnaire modeled after one used by Hatfield, Caccamise, & Siple, (1978) to determine the child's language background. Spragins and Cokely (1980) noted the lack of quantifiable measures to evaluate the child's sign language background, and they recommended the use of informant measures. Because of small class sizes and the close involvement that many deaf programs have with the families of their students, teachers were considered a reliable source of information and likely to give more objective data than parents. However, as a cross check, the students themselves were given independently the first page of the questionnaire through the use of MCE.
After each child was individually administered several screening items, he or she was tested on four operational tasksÂ-conservation, classification, seriation, and numerationÂ-followed by a syntactic test and the sociolinguistic questionnaire. All tests were administered in MCE with the use of voice.
Instrumentation
Screening test. All subjects were presented with two cards. The first card, which contained five stars in one corner and three stars in the opposite corner, required that the child be able to count accurately the stars and to understand the concepts of more and same. The second card was identical to the first, except that both corners contained an equal number of stars. The screening test was administered to ensure that the tests of concrete operational ability were not, in fact, tests of language proficiency. Because all 59 children passed each of the six screening items, it was concluded that, at least in a general sense, every subject understood the language used to describe the primary concepts employed in the tests of operational level. For this reason, no further statistical analysis involving the screening test was employed.
Syntactic Development and Concrete Operations
Tests of operational level. For the tests of operational ability, four kinds of tasks were used. A conservation of liquid task was performed, based on Tremaine's (1975) finding that conservation tasks relate to syntactic ability in bilingual hearing children. Rittenhouse and Spiro (1979) , noting that deaf children have difficulty with conventional Piagetian directions on conservation tasks, found a higher success rate using attribute-specific directions. In this procedure, instructions are specific and focus on the dimension under investigation. With the conservation of liquid task, the children were asked to imagine that they were very thirsty and must choose the glass of water which would best satisfy their thirst. If both glasses were equal and would equally satisfy their thirst, children were to respond that water levels were the same. After one of the glasses had been poured into a different size glass, the children were presented with the same roleplaying situation and asked to respond accordingly.
A classification exercise, adapted from Piaget (1941) , was also used. Children were shown pictures of ten animals, four of which were different types of birds, and six of which were animals such as bears, rabbits, cats, and fish. In addition, four of the animals were white. In preliminary testing with hearing children, attribute-specific instructions proved more difficult to understand than the conventional. Therefore, conventional instructions were used with all subjects. Children were first asked to count the birds and then to count the white animals. They were then asked if there were more birds or white animals and whether there were more birds (or white animals) or animals.
The final operational tasks involved seriation and numeration. Tremaine's seriation procedure was used, in which the children seriated a group of ten slats from the shortest to the longest to form a "staircase." When this was done, children were given nine more slats of intermediate lengths and told to put them in the right place in the staircase. If the child successfully accomplished the seriation task, a numeration task was presented in which the first set of ten slats was placed in seriated order before the child, a plastic figure of a person was produced, and the child was questioned about how many stairs the person must climb to reach a particular stair. If this task was mastered successfully, the staircase was broken up so that the slats were disarranged, and the same type of questions were asked. Children were then asked how many stairs the person must climb to reach the top of the staircase, if the person was already standing somewhere on the staircase.
Test of syntactic comprehension. The test of syntactic ability was also adapted from Tremaine (1975) . While Tremaine's test consisted of an English section, a French section, and an acrosslanguages section, only the English test was administered to the subjects in the present study.
The test consisted of three sections administered in consecutive order: Six inflectional categories tested by pictures involving 14 contrasts, 11 syntactic structures tested by pictures involving 22 contrasts, and 5 syntactic variants tested by 5 contrasts.
RESULTS AND DISCUSSION
Hypothesis One
It was previously noted that both teachers and children were asked questions from the sociolinguistic questionnaire. Because their responses correlated beyond the .0001 level of probability, only teacher-reported information is presented. The first hypothesis stated that there are no significant differences on a test of English syntactic comprehension between deaf children classified as operational and deaf children classified as non-operational. Children were classified as operational or non-operational on each of the four tasks: conservation, classification, seriation, and numeration. Table 1 presents results from t-tests which focus on differences between operational and non-operational children in the total score obtained on the test of syntactic comprehension. Of the four operational tasks considered, Hypothesis One was rejected at or beyond the .001 level for all except classification. It is likely that the classification task, more than the other operational tasks, was confounded by difficulty in understanding the directions. The present study supported the findings of Rittenhouse et al. (1981) that operational abilities relate to language abilities in deaf children. A simple regression analysis for the present data indicated that age, one possible alternative explanation for differences between children, was inferior (R2= .120) to the numeration task (R2 =.370) in predicting receptive grammar skills. (Tremaine, 1975) . As is demonstrated in Table   2 , the 59 subjects had the most difficulty with the for-to structure (e.g., The baby gives the ball for the dog to the cat), followed by the passive transformation (e.g., The ball is hit by the boy). T r e ma i n e s t u d y ( h e a r i n g c h i l d r e n ) a n d p r e s e n t s t u d y ( d e a f c h i l d r e n ) . So l i d l i n e r e p r e s e n t s d e a f chi l dr en ( 59) . Dot t ed l i ne r epr es ent s hear i ng children (60). gr ader s. I n spi t e of t he younger age of t he 60 h e a r i n g s u b j e c t s ( a v e r a g e a g e o f 7 . 9 7 y e a r s , w i t h a standard deviation of . 97 years, compared to an aver age age of 12. 22 year s f or t he 59 deaf s u b j e c t s , wi t h a s t a n d a r d d e v i a t i o n o f 2 . 3 8 y e a r s ) , t he de a f c hi l dr e n ma de mor e e r r or s i n a l l c a t eg o r i e s e x c e p t t h e r e f l e x i v e -r e c i p r o c a l , w i t h t h e di r ect -obj ect / i ndi r ect -obj ect cat egor y ( e. g. , The g i r l s h o ws t h e c o w t o t h e d o g ) s h o wi n g a n e a r l y equal number of er r or s bet ween t he t wo gr oups .
Yet , t he rel at i ve number of errors i n most of t he c a t e g o r i e s i s f a i r l y s i mi l a r f o r t h e h e a r i n g a n d deaf groups.
Hypothesis Two
The second hypot hesi s st at ed t hat t her e ar e no significant differences on the test of English syntactic comprehension among deaf children classified as having a strong American Sign Language (ASL) background, children having a st rong manual l y coded Engl i sh (MCE) background, and children having no consistent language (NCL) background. A child was considered as having a strong ASL background (ASL group) if, on the sociolinguistic questionnaire given to the teacher, responses indicated that both parents were deaf, the family signed consistently at home, and the child communicated most frequently with his or her parents through the use of ASL. AU seven deaf children of deaf parents responded that their parents signed to them "very consistently"
and teachers related that, for aU these children, ASL was t he pr i mar y mode of communi cat i on.
Chi l dren wi t h a st rong MCE background (MCE group) had hearing parents who communicated "very consistently" through signed English or Pidgin Sign English. Children with no consistent language background (NCL group) were those whose families communicated with them through signs "inconsistently," "almost never," or "never." According to teacher responses on the sociolinguistic questionnaire, the ASL group contained seven students, the MCE group contained 17, and the NCL group contained 20, for a total of 44. The 15 subjects who were not placed in any of the three groups were those whose families signed to them "somewhat consistently." A simple one-way analysis of variance (ANOVA) found differences on the test of English syntactic comprehension among children judged as having consistent ASL backgrounds, consistent MCE backgrounds, or no consistent language background. This finding led to a rejection of Hypothesis Two. ANOVA summary data for the relationship between the total score on the test of syntactic comprehension and the language background groups determined by the teachers may be found in Table 3 . After the ANOVAs were calculated, a posteriori comparisons were figured by Tukey's HSD (honestly significant difference) test. As shown in Table   4 , differences in syntactic comprehension between the MCE and NCL groups were of similar magnitude to differences between the ASL and NCL groups. At first glance, it may seem strange in the present study that there is no difference between the ASL and MCE groups in the area of English syntax, since, presumably, English functions as a first language for the MCE group and a second language for the ASL group and since the structure of ASL is very different from that of English (Bellugi, 1980, pp. 53-74) . When one takes into consideration, however, the differences in language consistency between children in the ASL and MCE groups, the better performance of ASL children is not as difficult to understand. Deaf children of deaf parents have probably had about as much exposure to language as hearing children of hearing parents. But except in a few homes, the exposure is likely to be considerably less for deaf children of hearing parents. The lack of differences in syntactic comprehension skills between ASL and MCE users, however, does not necessarily justify the claim that all deaf children should gain competence in ASL and then learn English (and MCE) as a second language. Knight's (1979) view that consistency is the key, rather than a particular language form, seems more on target. The possibility that lack of language input may lead to organismic differences in brain hemispheric laterality (Kelly & Tomlinson-Keasey, 1977) underscores the importance of providing the deaf child with as many language-related experiences as possible.
Hypothesis Three
The third hypothesis stated that there are no significant differences on the four operational tasks (conservation, classification, seriation, and numeration) among deaf children classified as having a strong ASL background, children having a strong MCE background, and children in the NCL group.
The method used to determine language background for Hypothesis Two was used for Hypothesis Three as well. Consequently, the teacher-chosen groups contained 44 subjects (seven in the ASL group, 17 in the MCE group, and 20 in the NCL group). A one-way ANOVA performed on the four operational tasks led to a rejection of Hypothesis Three for the conservation task, but no group differences were found on the other three operational tasks. A summary of this ANOVA may be found in Table 5 . As with Hypothesis Two, Tukey's HSD test was indicated for the conservation task under Hypothesis Three (see Table 6 ). When teachers judged the language backgrounds of students, the ASL group differed from the NCL group at the .01 level of significance.
Finding no relationship at all between sign language background and operational ability would offer support for the Piagetian view (1973) that a strong language background is not sufficient to insure the development of operational structures. Yet, the fact that a significant relationship exists between ASL background and conservation does not allow for unconditional support of Piaget's hypothesis. Likewise, the fact that no significant relationship was found between ASL and numeration, for example, or between MCE and any of the four tasks makes it difficult to accept the view that ASL in itself or a consistent sign language background of any kind is the critical factor in determining operational success. results from this study and Tremaine's (1975) have indicated that syntactic comprehension skills take a leap forward when the child (even one with a severe sensory deficit) reaches the level of concrete operations. However, Menyuk (1975) noted the difficulty of assigning causality in the areas of language and cognition. Even when relationships between the two areas exist, it is scientifically unjustifiable to claim that one is a prerequisite for the other. While results from the present study do not warrant statements of causality, it is clear that when children, even profoundly deaf children, begin to think operationally corresponding changes occur or have already occurred in their ability to manipulate language.
